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Arg-Arg-Trp-Cys-Tyr-Axgrt'ys -DLys-Pro- Tyx-Arg-Lys-Cys-Arg-NHj 



A polypeptide tepteteated by fonnala (I), pn which: Ai i* ao anwso add or a pqptiidc bsving one or at kast iwo basic amiiio a 
sdecCcd bom lysine, aigiiuQe and omitfaine, said ansfao acid or peptide in which amino leniiinal N-a may be leplaoed wiib an acyi grrap 
or a sabsdrotcd lUocaibamoyl gn>iq>; Az Is a tyrosine or pbcnylalaiUDe; Aa is a lysine m aigiDine; A4 is an -OH ot an -NH3; and X 
is a peptide such as D-onndiyl-prtdkiB, ptoIyl-D-ofliiifainc, D-Iysyl-prolmc. prolyl-D-lyaine. I>arginyl-proIiDe. piolyl-D-ar^iriiie, glycyl- 
omitiBsc, omiihyl-slycjne, glycyl-lyase. lysyl-glyciiie, glycyV«t:^nine and ax^jqrl-glyanc, in wKch the hydrogen atom of Ihc u-aaiino 
group of D-lysine, L^ysine, D-<miitfaii]c and L-oaoi)&iie may be i^laoed by an u-amiao acyl group, and said pepdde is coimectcd to 
(he anano acid residues at ll^fi 6(h anj iba gdt poeii'sons via pepdde bond per se; Trp is a trytAc^han; and Cys is a cystdnel, and one 
example ot socb polypeptide be r^^ied as fomnfa (1) is ptcscnlod. The above piesented polypeptide may be useful in a phannaceutical 
an antmucrobial or aitfivixal agent, qeciScally as an anii4IIV agent and as a oompooent of die DNA-Bansfeeiing systems 
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POLYPEPTIDE AND ANTI-HIV AGENT PREPARED THEREROM 

5 ij 

1. FIELgj OF THE INVEOTION 

This invention relates to a novel polypeptideC s ) or a 
pharmaoeutically acdkptable salt thereof exhibiting a strong 
10 affinity to lipopoly^accharides, particularly endotoxins- The 
polypeptide may be uised in a pharmaceutical composition as an 
anti- viral agent (e.g. anti-HIV agent). 

2. BACKGROUND OF THE INVENTION 

15 Two families of antimicrobial polypeptides have been 

isolated from horsesiioe crabs which exhibit an affinity to 
endotoxins (see, for; example, Shigenaga et al./ 1990, J. Biol. 
Chem. 265:21350-213^4? Kawano et al-, 1990, J. Biol. Chem. 
265:15365-15367; Mulia et al., 1990, J. Biochem. 108: 261-266; 

20 Japanese Laid-Open I^^tent Publication No. 167230/1990; 
Japanese Laid-Open Patent Publication No. 152987/1990; 
Japanese Laid-Open ^latent Publication No. 53799/1990; 
Published Searched ;i)plication 500194/1990; Miyata et al., 
1989, J. Biochem. lC6r 663-668; Akaji et al., 1989, Chem. 

25 Pharm. Bull. 37:2661-2664; ToJcunaga and Iwanaga, 1989, 

Taisha( Metabolism) 26:429-439 ; Shieh et al., 1989, FEES Lett. 
252:121-124; and Nal^amura et al., 1988, J, Biol. Chem. 
263:16709-16713). i 

One family, the tachyplesin family has been isolated from 

30 the Japanese horseslsoe crab Tachypleus. Three tachyplesins, I, 
II, and III have been identified. A second family, the 
polyphemusin family tVxas been isolated from the American 
horseshoe crab, Limiilus polyphemus- Two polyphemusins, I and 
II have been identified; their amino acid sequences are shown 

35 in Figiire 1. 

The polypeptides in both families consist of 17 or 18 
amino acid residues 'and have four conserved regions in common 
and two disulfide bridges (see Figure l). 
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al., 1992, J. Pharmac^bio. Dyn., 15, s-gO ; International 
Laid-open Publication: WO 92/04374 ; Japanese Laid-open Parent 
Publication No.l6329Ht/l993. 

(Hereinafter, among the new polypeptides, the compound T-22 is 
5 referred to the best ^node compound of the representatives. ) 

Having examined the Structural requirements for exhibiting the 
activity of the new pblypeptide consisting of 16 to IB amino 
acids as represented hy the T-22 compound, the inventors and 
coresearchers arrived! at some inventive concepts of a minimura 
10 essential structure. 

In general , wheri^ an exogenous peptide of relatively high 
molecular weight is administered into human body, it is often 
recognized as an alien substance by the self defence function 
of the human body. As, a result, it is likely to become an 
15 antigenic substance. When used for a medical purpose, it is 
desirable that a pept«Lde-based bioactive substance may be a 
compound of low moleciilar weight in order to reciuce its 
likelihood of being r&cognized as an alien stabstance. It is 
also required -that thfe substance may have a high potency- 
20 The T-22 compound was found to be a polypeptide 

consisting of 18 amino acid residues- The objective of our 
investigation was to maintain the same level of anti-HIV 
potency as that of the T-22 compound, while reducing the 
number of amino acid .Residues, As a result, we succeeded in 
25 reducing the number of residues by 4 (four). As long as the 
compound has the basic structure, its activity dose not 
decline even when a specific region Is modified. 
Moreover, by the said- modification, we discovered the novel 
polypeptide having such essential structure that can provide a 
30 broader range of phys;icocheitiical characteristics, and also a 
broader selection in therapeutic methods, i.e. 
increasing/decreasing] of the hydrophilicity and lipophilic! ty 
(affinity to lipid); iseleetive accumulation in a specific 
organ and/or cell; anS increasing/decreasing its residence 
35 . time within the human body; and possible development of 
formulations . 

3. SUMMARY OF THE INVENTION 
The present invent:ion relates ro a novel polypeptide( s) 
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( 6-N-(0-aininobutYryl-i>-lysine) . 

The following t4rnis, as used herein, will have the 
meanings indicated: ' 

HIV = huiiian immunodeficiency virus (all 
5 vari.ants ) 

MOI = multiplicity oif infection 

SI .= selectivity index (ratio of CC^^ to EC^^) 

4. BRIEF pfesCRIPTlON OF THE DRAWINGS 

10 Figure 1 shows the amino acid sequences of Tachyplesin I, 

Tachyplesin II, Tachyplesin III, Polyphemusin I, and 
Polyphemusin II. Conserved amino acids are boxed. The 
disulfide linkages between Cys-3 or -4 and Cys-16 or -17 and 
Cys-y or -8 and Cys-12 or -13 are shown by solid lines. 

15 Figure 2 shows ^ synthetic scheme for synthesizing 

polypeptide (1) of the Invention. 

,; > 

5. DETAILED DESCRIPTION OF THE INVENTION 

The pr-Bsent invfention is accomplished based on the above 
20 aspects, and is related to a novel polypeptide represented by 
the following formula 

A^- Trp-Cys - A^ - A^ ; - A, - X - - A^ - A3 - Cys - A3 - A^ 



or salt thereof in which 

Aj^ is a basic amino acid residue, or a peptide residue 
having one or at least two basic amino acids, selected from 
the group consisting; of lysine, arginine and ornithine, said 
basic amino acid residue or pep-tide residue in which N-^a 
hydrogen atom of amiiio terminal end of said amino acid residue 
may be replaced with; an acyl grroup or a substituted 
thiocarbamoyl group,- forming N-a acyl substituted basic amino 
acid residue, N-a acyl substituted peptide residue, N-a 
substituted thiocarbamoyl group substituted basic amino acid 
residue or N-a substjituted thiocarbamoyl group substituted 
peptide residue; ' 

Aj is a tyrosine or phenylalanine residue; 

A3 is a lysine tor arginine residue; 
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iTi -the n-18 polj peptide, -the turning position with 
possibly beta^tum structure is located at the 9- and 10- 
positions. And tha p4ptide part of the 3-position to the 
8 -position and the peptide part of the 11 -position to the 
5 16-position face eac^ other. 

Like the n-18 polypeptide, the polypeptides of the 
present invention haW an antiparallel p sheet structure due 
to the existence of intramolecular hydrogen bonding and 
disulfide linkage ( -^-S- ) with cysteine residues. While in 
10 the polypeptides of ilie present invention, the turning 

position with possibly p turn structure is so located in the X 
at 7th position that; the peptide part of the 3-position to the 
6-position and the peptide part of the 8-position to the 
11 -position face each other. 
15 In the present invention, the relationship of the number of 
amino acid residues ,kt the l- position of the formula of the 
present invention is! the same as that for the n-18 
polypeptide. j 

It is confirmed' that replacement of the hydrogen atom of 
20 an a-amino group of the N terminal amino acid residue at the 
said position by an sacyl group or a substituted thiocarbamoyl 
group is important to esshiblt high anti-HIV activity of the 
novel polypeptide represented by the denoted formula. By 
selecting different properties of the acyl or the substituted 
25 thiocarbamoyl group/ it has become possible to give the novel 
polypeptide of the liinvention hydrophilicity, affinity for 
lipids, distinct fluorescence properties, and etc. For 
example, the f luoresicence properties of the fluorescein 
substituted thiocart)amoyl group in the polypeptides of this 
30 invention can be us^d as a highly sensitive reporter dye for 
various purposes- Seie„ for example. Brand and Witholt in 
"Methods in Enzymolcjgy, " Vol- 11, page 776-856, ed. by Hirs, 
Academic Press, New [York, New York(1967); Brand and Gohlke, 
1972, Annu. Rev- Bipchera. 41: 843-868; Stryer, 1978, Annu. 
35 Rev. Biochem. 47: 83|9-846. 

Moreover, it i& very important and useful that the 
fluorescein substituted thiocarbamoyl ated polypeptides of this 
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principle, hydiroxyproline may be substituted with proline 
having the same effect) is necessary factor to form the same 
planar structure with p- sheet structure. The disulfide side 
chain linked 3- with' 11- positions of cysteine residues and 
5 the basic side chainjs of basic amino acid residues at 5- and 
9 -positions are on the same side of backbone plane, while the 
aromatic side chains; of aromatic amino acid residues at 4- and 
8- positions and thJ basic side chains of basic amino acid 

residues at 6- and iId- positions are on the opposite side of 

J 

10 backbone plane. Fom^tion of these three-dimensional above 

mentioned structure is important. Thus the novel polypeptide 
represented by above: denoted formula was invented with such 
three-dimensional stiructure, resulting in reduction of 4(four) 
amino acid residues 'Icorapared with n-18 polypeptide. 

15 Furthermore, lijke the n-18 polypeptide(s) , the 

polypeptides of the present invention exhibit very basic 
characteristics. Due. to their basic nature, th^ polypeptide ( s ) 
of the present invention may form a salt by acid addition. 
For example, the polypeptide forms a salt with an inorganic 

20 acid (hydrochloric apid, hydrobromic acid, phosphoric acid, 
nitric acid, sulf urine acid or the like) or an organic 
carboxylic acid (acetic acid, halo acetic acid such as 
. trif luoroacetic acid|, propionic acid, maleic acid, succinic 
acid, malic acid, ci^Hxic acid, tartaric acid, salicylic acid 

25 and an acidic sugar ,"( glucuronic acid, galacturonic acid, 
gluconic acid, ascoribic acid or the like), an acidic 
polysaccharide (hyaluronic acid, chondroitin sulfate, alginic 
acid or the like) oi^ an organic sulfonic acid (methanesulf onic 
acid, p-toluenesulfdnic acid or the like) including sulfonic 

30 acid sugar ester sudh as chondroitin sulfates. 

The following ils a more detailed description of the novel 
polypeptide of the j^resent invention. 

5.1 PREPARATION OF POLYPEPTIDE S 
35 The novel polypeptide of the invention can be prepared by 

methods known in the. airt, for example, solid-phase synthesis 
techniques descrdLbecl in "Solid-Phase Peptide Synthesis", 
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by substituted thiochrbamoyl groups, the N-tenninal 
N-a-substituted thiocarbainoyl polypeptide of the invention can 
be obtained by reactjlon with the substituted isothiocyanate 
compound under slightly alkal-ine conditions. 

In this instancf^, the carboiiyl terminus of the amino acid 
residue at the 12-poSition can be either free (A, corresponds 
to -OH) or converted: to an acid amide (A^ corresponds to -NH^). 
Further, in the obtained polypeptide, the two cysteines at the 
3- and 11- positions •; can form a disulfide linkage (-S-S-) 
through the mercapto j groups - 

These disulfide J linkage may be formed, for example, by 
air oxidation, or by ] the method of Atherton, E. , et al., 1985, 
J. Chem. Soc., Parkin Trans. 1, 2065. 

Unless otherwise indicated, the individual amino acid used in 
the aforementioned solid phase synthesis method is in the 
L-form, and the basic amino acid coupled with a^ proline at the 
7th position denoted by X is limited to D-£orm. 

Any insoluble r^sin having an am±no garoup can be used in 
synthesizing the nov^l polypeptide of the invention, as long 
as it can link through its amino groups to the carboatyl group 
of the N-protected aifginine or lysine at the C-terminus or in 
some cases to the cai^boxyl group of the spacer linked thereto 
and thereafter can b^- eliminated C removed). Examples of such 
insoluble resins inciude but are not limited to aminomethyl 
resins ( aminoroethylaiiea styrene-divinylbenzene copolyiuers ) , 
benzhydrylamine resiiiie, raethylbenzhydrylamine resins and 
arainomethylphenoxyrae'ehyl resins and derivatives thereof. When 
a benzhydrylamine resiln, methylbenzhydryl amine resin, 
aimethoxybenzhydryl ilne (DMBHA) resin or 

aminomethylphenoxyme-ehyl resin is used, an amide is directly 
obtained by cleavage,' but an aminomethyl resin is preferred in 
view of yield. 

As the spacer having a functional group capable of 
linking to a carboxyl group or having a carboxyl group, there 
can, for example, be one that is capable of converting the 
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I! 

according to condensation methods known in the art, such as, 
for example, a DCC (diicyclohexylcarbodiimide) method, DIPCDI 
(diisopropylcarbodiiniide) method [Tartar, A. et al. , 1979, J. 
Org. Chem. 44: 5000 ],, active- ester method, mixed or 
5 symmetrical acid anhydride method, carbonyldiimidazole method, 
DCC-HOBt (l-hydroxyb^^nzotrlazole) method [Konig W. et al., 
1970, Chem. Ber. , 103: 788, 2024, 2034 ] or diphenylphbsphoryl 
azide method, but preiferably using the DCC method, DCC-HQBt 
. method, DIPCDI -HOBt Method or symmetrical acid anhydride 

10 method. The condensation reaction may be carried out in an 

organic solvent such jas dichlorome thane, dimethyl formamide, N- 
methylpyrrolidone (N^iP) or a mixed solvent thereof. A 
deblocking reagent stich as trifluoroacetic 
acid/dichloromethane, HCI/dioxane, piperidine 

15 /dimethyl formamide (EiMF) or NMP Is used to deblock the 

protecting group for jan a-amino group. The degree of the 
progress of condensation reaction in each step ^f synthesis is 
pursued by the method of E. Kaiser et al., 1970, Anal. 
Biochem.^ 34, 595 (the ninhydrin reaction method). 

20 

According to the foregoing methods, a protected peptide 
resin having a desired amino acid sequence can be obtained. 
When an aminomethyl zt^sin derivative is used as the insoluble 

resin, the protected ipolypeptide can be removed from the 

'i 

25 resin, for example, Jjy treating the protected peptide resin 
with ammonia in an appropriate solvent. The resulting 
protected peptide is : then treated with hydrogen fluoride to 
obtain a polypeptide 'amide represented by the above formula 
and freed of all the] protecting groups. 

30 When a benzhydrylamiiie resin, methylbenzhydrylamine resin, 

aminomethylphenOKymethyl resin or DMBHA resin [Funakoshi, S. 

resin and the protecting groups can simultaneously be removed 
35 from the polypeptide j by treating the protected peptide resin 
with hydrogen fluorit^e, TFMSA ( trif luoromethanesulf onic acid) 
[Yajima, H. et al.; "The Peptides" vol. 5, page 65 (1983), 
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polypeptides of the invention exhibit significantly higher 
anti-HIV activity than known high endotoxin affinity 
polypeptides (e.g., •Sachyplesins I, II or III or Polyphemusins 
1 or II) exhibits. 

Recent developmcint of delivery systems capable of 
efficiently introduciiiig DNA into the target cell has made 
practical human gene ; therapy for genetic diseases, cancer, 
AIDS and etc. [ Morg4n and Anderson, Annu. Rev. Biochem. , 62, 
191-217 (1993)]- ! 

The DNA-transf ecition systems include the use of 
polycations, calcium '^phosphate, liposome fusion, retroviruses, 
microinjection, elec-^r operation and protoplast fusion. 
However, all of these methods suffer from one or more problems 
related to either cellular toxicity, poor reproducibility, 
inconvenience, or incjf ficiency of DNA delivery [ Flegner et 
al-, Proc. Natl- Acacl. Sci. USA, 84, 7413-7417^(1987)]. 

Recently, highl^^ efficient DNA-transfection procedure 
using cationic lipid^DNA complex or cyclic amphipathic 
peptide-DNA complex £ Ijegendre and Szoka, Jr., Proc. Natl. 
Acad. Sci. USA, 90, a93-897 (1993)] has been reported. 
The peptides tbat caii form a transfecting complex with DNA 
include gramicidin Sj tyrocidine, polymyxin B, polylysine and 
mellttin all with ca-iionic nature. Among these, the moBt 
effective cationic peptide is gramicidin S which is known as 
an amphipathic cycliti decapeptide antibiotic with p-sheet 
conformation and can 'permeabilize and disrupt cell membranes. 
Both a positive charge and amphipathic character of gramicidin 
S are thought to be iLmportant for the high transfection. 
Considering these et^ctural characteristics, the polypeptides 
of this invention ca» be an alternative candidate of 
gramicidin s for DNA 'complex with high transfecting ability 
because of their strongly cationic and amphipathic nature with 
P-sheet conformation. 

In fact, tachyplesin I, one of the parent molecule of the 
polypeptides of this invention, can permeabilize membranes and 
bind to DNA similarly to gramicidin S [ Matsuzaki et al . , 
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: herein, the synthesis of polypeptide ( 1 ) 
is described. Additionally, the results of anti-HIV activity 
assays for the polypeptides of the invention and known high 
endotoxin affinity polypeptides are disclosed. Polypeptides 
of the invention have a significantly higher anti-HIV activity 
than known high endotoxin affinity polypeptides. 

App^atuses and;! reagents used in the following examples 
are as follows: ij 
HPLC apparatus: i 

S^imadzu Corporation, Model LC-6AD 
Column of the a]^paratus: Asahipak ODP-90 (Asahi Chemical 

liixdustry Co. , Ltd. ) 
Fmoc amino acid; and amino resin: produced by Watanabe 

cJieniical Industries, Ltd. 
Condensing agen^: produced by Peptide institute, INC. 

aka Applied Biosystems Japan 
FAB-MS (FAB-inas.^ spectrograph): VC Co. (U^), Model 

6.1. EXAMPiLe 1 : SYNTHESIS OF THE POLYPEPTIDE (1) 

Th© synthesis o£ a polypeptide (1) which has the formula 
shown below is described in Sections 6.1.1-6.1.7, infra. 
Polypeptides (2-13,22,23) and precursor peptides of 
polypeptides( 14-21, 24, 25)(see Table I, supra for structures) 
are synthesized usin<j similar procedures. 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Arg-Arg-Trp-Cys-Tyr-Arg-Lys -DLys-Pro- Tyr-Arg-Lys-Cys-Arg-NH^ 

I ^ : 1 • 

(1) 

i 

In the above folhnula (1), Arg, Trp, Cys, Tyr, Lys, DLys 
and Pro denote the a:^oreinentioned amino acid residue, and the 
solid line between the Cys at the 3- and 11- positions denotes 
disulfide linkage. 
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Likewise as aboie, Lys(Boc), Arg(Pmc), TyxCtBu), Pro, 
DLys(Boc), Lys(Boc), !Arg(Prac), Tyr(tBu), Cys(Trt), Trp, 
Arg(Pmc) and Arg(Pincj! were successively introduced into the 
DMBHA resin to obtaid a protecting group-protected peptide ( 1 ) 
resin. i 

Each amino acid ijcondensation reaction in the solid phase 
synthesis was carries out according to the operation 
conditions of the TatiLe 2. 

j 

■i TABLE 2 



Operation 


Reagent 


Solvent 


Time X 
Repeat 
number 


Removal of 
Fmoc Group 


:l 

20% itlperidine/DMF 


DMF 


5 min. x3 


Washing 




DMF 


1 min. x6 


Condensation 
reaction 


Fmoc amino acid (2.5 eg) 
+ DIPtDI + HOBt 


DMF 


2 br. x1 


Washing 




DMF 


1 min. x4 



6.1.5. PREPARATI ON OF THE POLYPEPTIDE (1^ 
BY ffHE REMOVAL OF THE PROTECTING 
GRodpS. REMOVAL OF POLYPEPTIDE fl) 
FROH THE RESIN AND PARTIAL PURIFICATION 
The protecting gJroup-protected polypeptide (1) resin was 
subjected to 20% piperidine/DMF treatment to remove the Fmoc 
group, and then subjei^ted to reaction at 25 'C for 2 hours in a 
1 M TMSOTf-thioanisole/TFA(trifluoroacetic acid) system (10 ml 
of trifluoroacetic acid in the presence of m-cresol (100 eq) 
and ethanedi thiol i30d eg).) per 100 mg of the resin. The resin 
was filtered off from rthe reaction mixture and washed twice 
with 1 ml of trifluore^acetic acid. 100 ml of ice-cooled dry 
ether was subsequently added to mixture of the filtrate and 
the washing. The forttfed precipitate was centrifuged, and the 
residue was separated 'from the supernatant by decantation. 
The resulting residue |was washed with cold ether, dissolved in 
10 ml of 4N AcOH and 8130 mg, 80 eq of dithiothreitol was 
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'I 

The specific rotation [0]^"^ o£ the ob-fcained polypeptide 

was -17.2"(C = 0.11/1 N acetic acid). 

j 

6.2 EXAMPLE 3 : SYNTHESIS OF A POLYPEPTIDE (14) 
[N-a-ACETYLATION OF THE AMINO 

TERMINAL AMINO ACID RESIDUE OF 

J 

THE POLYPEPTIDE (1)] 

i . • . 

The synthesis of a polypeptide (14) of the following 
formula 9 is described in Sections 6.2.1-6.2.2: 

I 

[Formula 9 ] ': 

1 2 3 4 ;'5 6 7 8 9 10 11 12 13 

Arg-Arg-Trp-Cys-Tyx-firg-Lys -DLys-Pro- Tyr-Arg-Lys-Cys-Arg-NHj 



- (14) 

. i, , i 
In the above foi^ula (14), Ac-Arg, Arg, Trp, Cys, Tyr, 
Lys, DLys and Pro denote the aforeroentioned amino acid 
residues, and the soliid line between the Cys at 3- and 11- 
positions denote a disulfide bond. 

6.2.1 ACET^LATION OF THE PARTIALLY PROTECTING 
GRduP-PROTECTED PEPTIDE (1) RESIN 
1.301g (0.25 mmdl). of the protecting group -protected 
peptide (1) resin obtained at the step (4) (Section 6.1.4) of 
the aforementioned EXAMPLE 1 was taken in a reaction vessel of 
a manual solid phase synthesis. After removal of the Fmoc 
group, the N- terminal' amino group was acetylated according to 
the Hudson method £ Jt. Org. Chem., 53, 617, (1988)3 to obtain 
1.241g of an N-termirikl a-amlno acid-acetylated protecting 
group-protected peptide (1) resin (yield of dry weight, 100%). 
The procedure is sununkrized in the following Table 3, 
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The ace-fcyla-tion was carried out by repeating the above 
positive. 1 

6,2.2 PREPiilRATION OF THE PEPTIDE (14) BY 

THS REMOVAL OF THE PROTECTING GROUPS 
ANti THE RESIN OF THE N-TERMINAL AMINO 
AC:jD-ACETYLATED PROTECTING GROUP- 
10 PRoItECTED PEPTIDE (1) RESIN. PARTI AI. 

PtMlFICATION AND OXIDATION 
The polypeptide,.; (14) was prepared by the same way as 
described in 6,1.5 arid 6.1.6 supra. The specific rotation 
[a]'°j of the polypeptijide (14) was -18.3' (c=0.08, IN acetic 
15 acid). The polypeptide (14) was acid -hydroly zed in 4M 

methanesulfonic acid jcontaining 0.2% tryptamine at 115 "C for 
24 hours according td the method of Liu et al . t J. Biol. 
Chem., 251, 1936 (19^6)]. The result of the amino acid 
analysis accorded weil with the calculated value. 

20 

6.3 EXAMPLE 4 :! SYNTHESIS OF A POLYPEPTIDE (19) 

[N-a-FLUOR^SCEINTHIOCARBAMOYL POLYPEPTIDE (1)] 

The synthesis a polypeptide (19) of the following 
25 formula 10 was carried out by 

N-a-fluoreeceinthiocarbarooylation of the amino terminal amino 
acid residue of the polypeptide (1). 

i| 

[Formula lO] j 
30 1 2 3 4 ij 5 6 7 8 9 10 11 12 13 
FTC-Arg-Arg-Trp-Cys-Tyx^Arg-Lys -DLys-Pro- Tyr-Arg-Lys-Cys-Arg-NH^ 
I i I 

{ (19) 

35 In the above formula! (19), FTC-Arg, Arg, Trp, Cys, Tyr, Lys, 
DLys and Pro denote yhe aforementioned amino acid residues, 
and the solid line btatween the Cys at 3- and 11- positions 
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The antiviral abtlvity against HIV of the polypeptide ( 1 ) 
synthesized in ExamptLe 1 was tested and evaluated according to 
the following method-. 

HIV-infected MTf4 cells -(2.5 x 104 cells/well, 
5 multiplicity of inf Option (MOI) : 0.001) immediately after 
infection were added! together with the test substance with 
various changes of the concentration to a 96-well microtitre 
plate. After incubaition at 37° C for 5 days in a CO^ 
incubator, the number of survivor cells was measured by the 

10 MTT method [Pauwels %t al.; J. Virol. Methods, 20, 309-321 
(1988)]. The antiviital activity is expressed as a 
concentration at which cell death due to HIV infection is 50% 
inhibited ( EC^;, : 50%^ effective concentration ) . On the other 
hand, in order to knfbw the cytotoxicity of the test substance 

15 on the MT-4 cells, virus -non- infected cells were incubated, 
likewise as above, together with the test compound with 
various changes of t^e concentration. The cytd'toxicity is 
expressed as 50% cyts>toxic concentration (CCgp) due to the test 
substance. Further, j the rough ratio of CCgj, to EC^^, (CC^^/BC^^) 

20 is expressed as an effective ratio (SI), 

The following formula 8 represents the peptide antiviral 
agent used in comparison with the polypeptide ( 1 ) : 
Forniula 8 | 

(Arg-Arg-Trp-Cys-Tyr-'-Arg-Lys-Cys-Tyr-Lys-Gly-Tyr-Cys-Tyr-Arg- 

25 Lys-Cys-Arg-NHj T-22) 

Table 4 shows the EC^^, CCg^, and SI values of polypeptide 
(1), the above p6ptide(T-22 ) and anti-HIV agent A2T. 



TABLE 4 



35 



Test compourtd 


CCso 
(Mg/ml) 


ECso 
(pg/ml) 


SI 


Example 2 


Poly^ieptide (1) 


49.8 


0.0034 


14,647 


Comparative 
Example 1 


T-22 ; 


54.1 


0,0099 


5,465 


Comparative 
Example 2 


AZT ; 

(azidothymidine) pM 


6.68 


0.0001 


66,800 
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i CLAIMS 

1- A polypeptide represented by the following formula 
1 2 3 4 .1 5 6 .7 8 9 10 11 12 13 

A, - Trp - Cys - A3 - A3- X - - A3 - A3 - Cys - A3 - A, 

;j 

or salt thereof In which 

is a basic amino acid residue, or a peptide residue 
having one or at leejst two basic amino acids, selected from 
the group cpnsistincj of lysine, arginine and ornithine, said 
basic amino acid residue or peptide residue in which N-a 
hydrogen atom of amjjno terminal end of said amino acid residue 
may be replaced witli an acyl group or a substituted 
thiocarbamoyl group,' forming N-a acyl substituted basic amino 
acid residue, N-a acfyl substituted peptide residue, N-a 
substituted thiocarbamoyl group substituted basic amino acid 
residue or N-a substituted thiocarbamoyl group 'substituted 
peptide residue; 

Aj is a tyrosimb or phenylalanine residue; 

A3 is a lysine ^r arginine residue; 

A^ is an -OH (derived from a carboxyl group) or an -NH^ 
( derived from an acid amide group ) ; 

X is a peptide! residue selected from the group 
consisting of the peptides represented by D-omithyl -proline, 
prolyl -D-omi thine, ;fD-lysyl -proline, p2.olyl-D-lyslne, 
D-arginyl-proline, ^ii^iyl-D-arginine . glycyl- ornithine, 
ornithyl-glycine, gljycyl- lysine, lysyi- glycine, 
glycyl- arginine and 'arginyl -glycine, in which the hydrogen 
atom of the to- amino Igroup of D-lysine, L- lysine, D-ornithine 
and L-omi thine may -^be replaced by an to-amino acyl group, and 
said peptide residual is connected to the amino acid residues 
at the 6th and the £Sth positions via peptide bond per se; 

Trp is a tryptc^han residue; and 

Cys is a cysteine residue. 

2. The polypeptide or salt thereof of claim 1 
in which A,^ is at le^st one basic amino acid selected from the 
group consisting of ! lysine, arginine and ornithine. 



VV.iil tAA 

WO9S/10S34 



RECEIVED TIME JUL. 18. S-QSm 



PRINT TIME JUL. 18. S-Z7m 



1^031/041 



PCT/JP94/01706 

-33- 

D-arginyl -proline, pj-iolyl-D-arginine, glycyl-ornithine, 
ornithyl-glycine, glycyl-lyslne, lysyl -glycine, 
glycyl-arginine and sqrginyl-glycine, in which the hydrogen 
atom of the to-amino gjroup of D-lysine, L-lysine, D-ornithine 
and L-ornithine may tfe replaced by an ©-amino ac3yl group, and 
said peptide residue jiis connected to the amino acid residues 
at the 6th and the 8tti positions via peptide bond per se; 

Trp is a tryptophan residue; and 

Cys is a cysteinfe residue; 
and the cysteine resxkSues at the 3- and 11- positions are 
linked through a disulfide linkage. 

7. A pharmaceutical composition for inhibiting HIV 
activity in a patient; comprising an effective amount of the 
polypeptide or salt thereof of claim 1 and a pharmaceutical 
carrier. 

} 

fi. A pharmaceutibal composition for inhibiting HIV 
activity in a patient) comprising an effective amount of the 
polypeptide or salt thereof of claim 6 and a pharmaceutical 
carrier . 
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FIG. 2 



AMINOMETHYL RESijN 



(1) Friloc-DMBHA. PROPIONIC ACID 



DMBHA resin 
I 



CondensJation of protected amino acids in 
the order of the peptide sequence 

(2) Fmcic-Arg(Pinc)" -DMBHA resin ' 

(3) Fra4c-Cys(Trt)"-Arg(Pinc)"-DMBHA resin 

(4) Resiin wherein the protected amino acids at 
th^ 10- to 1- positions are condensed 



Protecting grou]^-protected polypeptide (I)-dmbha resin 



(5) Re4oval of the protecting groups and resin, 
and reduction 



Reduced form of : polypeptide (1) 



(6) Ox; 



POLYPEPTIDE ( 



dative cyclization 
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